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AMENDED CLAIMS 
L (currently amended) A method of improving the efficiency of a s ynchronous mirror 
d e lay circuit synchronizing a clock si gnal for a n integrated circuit, comprising: 

providing a clock input signal (CIN), an inverted clock input signal (CIN*) 4 and a 
clock delay signal (CDLY); 

detecting a plurality of phases of CIN and CDLY based on timing conditions 
associated with CIN and CDLY; and 

selectively inputting CIN or CIN 7 into a synchronous mirror delay (SMD) based 
on the phase of CIN and CDLY to reduce a number of requir e d delay stages in the SMD. 

2. (currently amended) The method of claim 1 wherein the timing conditions include a 
period of CIN (t c k) and a period from a rising edge in CIN to a rising edge in CDLY (t^j) and 
wherein the selectively inputting step includes inputting CIN into the SMD when t m a\ > W2 and 
inputting CIN 5 into the SMD when t^di < tck/2 to reduc e s reduce the number of r e quir e d delay 
Stages in the SMD. 

3. (original) The method of claim 2 wherein the number of delay stages in the SMD is 
reduced substantially in half. 

4. (original) The method of claim 2 wherein the SMD has a plurality of delay lines and 
wherein the number of delay stages in at least one of the SMD delay lines is reduced 
substantially to 59 from 128. 
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5. (currently amended) A method of improving the efficiency of a synchronous mirror 
Hfilny mrcuit comprising st e ps of synchronizing a clock signalfojrjarxint e grated circuit 
comprising: 

providing a clock input signal (CIN), an inverted clock input signal (CIN'X and § 
clock delay signal (CDLY), each signal having timing characteristics; 

interposing a phase detector and selection system between an external clock 
signal and a synchronous mirror delay f SMp) oirouit ; 

determining which of a number of phases the signals are m based on the timing 
characteristics; and 

selectively directing the signals based upon the phase of the signals. 

6. (currently amended) The method of claim 5 wherein the selectively directing step 
includes selectively directing CIN or CIN 7 to the synchr - oneus mirror dolay SML) based upon the 
timing characteristics of CIN and CDLY. 

7> (currently amended) The method of claim 5 wherein the selectively directing step 
includes bypassing CIN or CIN* from the synchronous mirror d e lay SMD based upon the timing 
characteristics of CIN and CDLY. 
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8. (currently amended) The method of claim 5 further including defining the timing 
characteristics as a period of CIN as tck and defining a period from a rising edge in CIN to a 
rising edge in CDLY as t m <ji, and wherein fee determining steps includes determining that the 
phases include: 

a first phase when tmdi > W2; 
a second phase when tmdi < W2; 
a third phase when t md] = t^; and 
a fourth phase when tmdi = W2 . 

9. (currently amended) A method of reducing a number of effective delay stages in a 
synchronous mirror delay fSMD). th e method synchronizing a clock signal for an integrated 
circuit comprising: 

providing an internal clock signal (CIN), an inverted internal clock signal (CIN') fi 
and a clock delay signal (CDLY) having timing characteristics; 

differentiating, with a phase detector, a plurality of phases based upon the timing 
characteristics of CIN and CDLY; and 

selecting, based on the phases, one of CIN and ON' to be input into a 



synchronous mirror delay fSMD^I thereby reducing fee eff e ctiv e a number of delay stages in the 
SMD. 
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1 0. (currently amended) A method of reducing a number of e ffectiv e d e lay stages in a 

wnohrnnniis mirror d e lnv fSMDY th e m e thod synchronizing a dock signal for an integrated 

i 

circuit comprising: 

i 
i 

providing an internal clock signal (CIN), an inverted internal clock signal (CDST'X 

i 

and a clock delay signal (CDLY) having timing characteristics; 

i 

determining a plurality of phtases based upon the timing characteristics of CIN and 

j 

CDLY; ! 

for at least one phase, directing CIN* into fee a synchronous mirror delay fSMD^ 

such that a reduced number of delay stages [are achieved. 

i 
i 

i 

1 1 . (currently amended) The method of claim 1 0 wherein the timing characteristics 

i 
i 

define a period of CIN as tck and also define from a rising edge in CIN to a rising edge in CDLY 
as t m di, and wherein fee directing step occurs when tmdi < W2. 
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l ynchronoim mirror delay (SMDj i . tho m e thod synchronizing a clock signal for an integrated 
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A method of reducing a number of e ff e ctive delay stages in a 



ock signal (CfN), an inverted internal clock signal (CIN 1 ), and 
ing timing characteristics; 

of phases based upon the timing characteristics of CIN and 



circuit, comprising: 

a) providing an internal cjt 
a clock delay signal (CDLY) ha^ i 

b) determining a plurality 

CDLY; 

c) for at least one phase, IHirecting CIN' into th e SMD a synchronous mirror delay (SMIT) 
such that a reduced number of delay stages are achieved; 

wherein the timing chara rteristics define a period of CIN as tg k and also define from a 
rising edge in CIN to a rising edge in CDLY as.tmdi, and wherein the directing step occurs when 

tmdl < tcfc/2; 

d) multiplexing an input ilvith an input selection multiplexor to select whether to direct the 
CIN or CIN 3 into the SMD 7 base i on the phase determined in the determining step; and 

e) multiplexing, with an i >utput selection multiplexor, an output of the input selection 
multiplexor with a SMD output, the output selection multiplexor selecting whether to output, 
based on the pha$e determined iiL the determining step, the SMD output or CIN bypassing the 



SMD, as an input to a clock tree 
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1 3 . (currently amended) 'A memory device^ comprising: 

• I, 

a synchronous mirror delay (SMD) circuit ; and 



a phase detector connected to in e 



ectronic communication with the SMD, the 



phase detector receiving a clock input signal ffiJNl and a clock delay signal £CDJL5Q, the clock 

i 

input signal (CIN) and th e clock delay signal (CDLY) CTN and CDLY each having timing 

characteristics, the phase detector outputthlg a pjiir of branches each having a logical level, 

i j 

wherein the logical levels or the branches define |a plurality of conditions of th e clock input 
tifrnal and th e clock d e lay nipnal i CTN and (HDLY based on the timing characteristics, and 
wherein for at least one of the conditions , al number of delay stages is reduced for a selected 

; |. j 

signal to pass through the memory deyjgg r e duces a number of eff e ctive - dol a v - stages in the 



SMD . 



I 



14. (currently amended) ■ The circuit memory device of claim 13 wherein the timing 
characteristics include a period of CIN defijned as t c k and a rising edge from CIN to a rising edge 



in CDLY is defined as t m( ji; and 



r 



wherein a first phase is when t m di > W2; 
wherein a second [phase is dhen ti d i < W2; 



: I 
wherein a third pHase is when tmdi 



wherein a fourth jihase is when t md |.=» t ck /2 



= tc k ; and 
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15. (currently amended) The c i rcuit memory-dgricg of claim 14 wherein when tmdi < 

tck/2 the number of e ff e ctiv e delay stages in : the SMD is comparable to when tmdi > W2- 

i 

16. (currently amended) The ek - cuft memory device of claim 1 4 wherein the number of 
e ffectiv e delay stages when tmdi < W2 is reduced by substantially one-half. 

17. (currently amended) The circu i t memory device of claim 14 wherein the number of 
effective) delay stages when t m # < is teduced from 128 to substantially 59, 
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18. (currently amended) A synchronous mirror delay system comprising: 

i 

a synchronous mirror delay (StylD); and 

a phase detector associated with the SMD, the phase detector receiving a clock 

i 

input signal (CIN) and a clock delay signal (CDLY), the CIN and the CDLY each having timing 

i 

characteristics > the phase detector outpulting al pair of branches each having a logical level, 

j 

wherein the logical levels of the branches define a plurality of conditions based on the timing 

! 

characteristics of CIN and CDLY 3 and whereih for at least one of the conditions , a number of 

delay stages is reduced for a selected signal toinass throug^tJxo^sy&sm reduoeo tho number of 

i 

effective delay stages in the SMB ; ; 

i 

wherein the timing characteristics define a period of CIN as tck and also define a 
period from a rising edge in CIN to a rising edge in CDLY as Wi, and wherein the plurality of 
conditions include: 

a first phase when t m( n > W2; 

a second phase when t m di < W2; 

a third phase when t md i = t*; and 

i 

a fourth phase when tmdi = W2| 

wherein the number of e ff e ctiv e delay stages in the second phase is reduced; and 
wherein in the third and fourth Jphases, CIN bypasses the SMD. 
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19, ( currently amended* A synchronous mirror dolav synchronizing circuit for use with 



an e xt e rnal clock signal integrated circuit, comprising: 



an input buffer haying an input for receiving^e external clock signal toj^codtofifi 
and an output r e lat e d to a clock input signal (CIN), an inverted clock input $ignal (CIN') S and a 
clock delay signal (CDLY) a each having timing characteristics; 

a synchronous mirror delay (SJ tfD) having a measurement delay line input for 
connection to a measurement delay line, a measurement delay line output connected to a variable 
delay line input for connection to a variable delay line, the variable delay line including a 
variable delay line output; and 

a phase detector disposed betwben the input buffer and the SMD, the phase 

■ j : > 

detector having a first input for receiving the CIN, a second input for receiving the CDLY, the 
phase detector generating one of a plurality of putput [signal combinations, each combination 
corresponding to a phase of the CIN and CDLY signals based on the timing characteristics^ 
CDLY SMD input connected to the measurement delay line input, and a SMD output connected 
to the variable delay line output] a circuit selectively inputting CIN or CIN' as a CIN SMD input 



based on the phase of the signals; and wherein 



stages is r edu ced for a selected si'gnal to pass through' the circuit r e duc e s a number of e ffective 



d e lay stag e s in th e SMD . 



20. (original) The circuit of claim 19 
of CIN as tck and also define a period from a 
and wherein when W < W2, CIN' is input 
the SMD. ; 
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rising edge in CIN to a rising edge in CDLY as t mdL 
mto the SMD and when tmdj > W2 CIN is input into 
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2 1 - (currently amended) : The circuit of claim 20 wherein the number of eff e ctive delay 

i 

stages in the SMD when tmdi < W2 is reduced! 



22 . (currently amended) The circuit of claim 20 wherein the number of effceti^e delay 

! ! 

stages in the SMD when t^i < W2 is reduced, fiom 128 to substantially 59. 



23. (currently amended) ; A synchronous mirror delay system^ comprising: 

; I 

a synchronous mirror delay (SIVED); and 

a phase detector in operational jassociation with the SMD, the phase detector 
receiving a clock input signal (CIN) and a clock delay signal (CDLY), the C IN and the CDLY 
each having timing characteristics, the phase detector outputting a pair of branches each having a 
logical level, wherein the logical ilevels of the branches define a plurality of conditions based on. 
the timing characteristics, and wherein a number of e ff e ctiv e delay stages is reduced for a 
selected signal to pass through of the SMD io reduced . 



24. (currently amended) 



The system of claim 23 wherein under one condition the 



number of offoctivo delay stages is reduced by substantially one-half 
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The system of claim 23 wherein the timing characteristics 
define a period of ON as tt* and also define fifom a rising edge in CIN to a rising edge in CDLY 
as tnuH, and wherein the plurality of conditions, include: 
a first phase when t m di > W2; 
a second phase when Wii < Uu/2; 
a third phase when Udi ~ to*; arid 
a fourth phase when tmdi = W2; and 

wherein m for the second phase, the number of e ffective delay stages is reduced 
for a selected sip nal to pa ssJhrough oftlie SMD is roducod . 



corresponding 
wherein a pha 



26. (currently amended) A phase detection and selection circuit system, comprising: 

a phase detector for receiving a clock input signal (CTN) and a clock delay signal 
(CDLY), each signal having timing conditions, and generating a plurality of output signal 
combinations, each combination based upon the timing conditions; and 

logic associated with the phase detector to select one of the output signal 
combinations corresponding to the timing conditions of the signals; aad 

lase detection and selection syst e m circuit selectively feeds CIN or an 
inverted clock input signal (CIN* j into a synchronous mirror delay based upon which the 
plurality of output signal combinations i s g e n e rat e d and wherein a number of delay stages is 
reduced f or a selected signal to -pass through the system a number of effGctivG -d olfly nta f for , in 
reduc e d . 
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27. (currently amended) 

characteristics include a period o: 

in CDLY is defined as t^; and wherein the phases include 
a first phase when tmdi > t ck /2; and 
a second phase when Wn < W2; and 
a third phase when tmdi = tckj and 
a fourth phase when Udi = W2, 
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The circuit system of claim 26 wherein the timing 
CIN defined as and a rising edge from CIN to a rising edge 



28. (currently amended) The circuit system of claim 27 wherein the number of effectives 
delay stages is reduced. 

29. (currently amended) The eirettk system of claim 27 wherein thg number of eff e ctiv e 
delay stage stages is reduced substantially by one-half 

30. (currently amended) The eifetat gggtem of claim 27 wherein the number of e ff e ctiv e 
delay stages in the SMD when tmdi < W2 is reduced from 128 to substantially 59. 



31-33- (canceled) 
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34. (currently amended) A system^ comprising: 
a processor; 

i 

a memory controller; ; 

i 

a plurality of memory devices; j 

a first bus interconnecting the processor and the memory controller; 

i 

a second bus interconnecting the memory controller and the memory devices; 

. i 1 

each of the memory devices haying: 

{ 

a synchronous miijror delay (SMD) ekcait; 

a phase detector for receiving at clock input signal (CIM) and a clock delay signal 
(CDLY), each signal having timing conditions, and generating a plurality of output signal 

combinations^ each combination corresponding to phases of the signals based upon the timing 

i 

conditions; and j 

logic associated with the phase idetector to select one of the output signal 
combinations corresponding to th ! e timing conditions of the signals; and 

wherein the timing conditions include a period of CIN (t<&) and a period from a 
rising edge in CIN to a rising edge in CDLY (t^di) and wherein inputting CIN into the SMD 
when W > tck/2 and inputting CIN' into the SMD when t md i < W2 reduces a number of delay 
stages in the SMD. • ; . 

! 

i | 

35-75, (canceled) 



870071.2 

! ' 15 



Received from < 414 224 5834 > at 10/23/03 5:26:29 PM [Eastern Daylight Time] 



10/23/03 16:32 FAX 414 224 5834 W. H. D. il019 

USSN 09/921,614 Patent Response 

76. (new) A memory device, comprising: 

a synchronous mirror delay (SlllD); and 

a phase detector in electronic communication with the SMD through at least one 
i of a decoder and one or more multiplexors, the. phase detector receiving a clock input signal 
(CIN) and a clock delay signal (CDLY), the CIN and CDLY each having timing characteristics, 
the phase detector outputting a pair of tranches each having a logical level, wherein the logical 
levels of the branches define a plurality of conditions of CIN and CDLY based on the timing 
characteristics, and wherein for at least one of the conditions, a number of delay stages is 
reduced for a selected signal to pass through the memory device. 

77. (new) A memory device^ comprising: 

a synchronous mirror delay (SMD); and 

a phase detector in electronic communication with the SMD through a decoder 
and one or more multiplexors, the phase detector receiving a clock input signal (CIN) and a 
clock delay signal (CDLY), the CIN and CDLY each having timing characteristics, the phase 
detector outputting a pair of branches each haying a logical level, wherein the logical levels of 
the branches define a plurality of conditions of CIN and CDLY based on the timing . 
characteristics, and wherein for at least one of the conditions, a number of delay stages is 
reduced for a selected signal to pass through the memory device. 
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78. (new) A synchronous minor delay jsy stem, comprising: 
a synchronous mirror delay (SMD); and 

a phase detector associated with the SMD through at least one of a decoder and 
one or more multiplexors, the phase detector receiving a clock input signal (CENT) and a clock 
delay signal (CDLY) 3 the CIN and the CDLY.each having timing characteristics, the phase 
detector outputting a pair of branches each having a logical level, wherein the logical levels of 
the branches define a plurality of conditions based on the timing characteristics of CIN and 
CDLY 7 and wherein for at least one of the conditions, a number of delay stages is reduced for a 
selected signal to pass through the system; 

wherein the timing characteristics define a period of CIN as and also define a 
period from a rising edge in CIN;to a rising edge in CDLY as Wu and wherein the plurality of 
conditions include: 

i 

a first phase when: tmdi >t ck /2; : 

i , 

a second phase when tmdr < W2; 
a third phase when t in di = %±; arid 
a fourth phase when t^di ~ W2; 

wherein the number of delay stages in the second phase is reduced; and 
wherein in the third and fourth phases, CIN bypasses the SMD. 
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79. (new) Asyuchronou 
a synchronous 
a phase detector 
multiplexors, the phase detector 
(CDLY), the CIN and the 
outputting a pair of branches eacl 
branches define a plurality 
and wherein for at least one of th * 
signal to pass through the system 
wherein the timine 
period from a rising edge in CIN 
conditions include: 

a first phase when$t, 
a second phase whjen 
a third phase whei 
a fourth phase wh&i 
wherein the number 
wherein in the thir 1 
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mirror delay system, comprising: 
delay (SMD); and 
associated with the SMD through a decoder and one or more 
r sceiving a clock input signal (CIN) and a clock delay signal 
having timing characteristics 3 the phase detector 
having a logical level, wherein the logical levels of the 
of coalitions based on the timing characteristics of CIN and CDLY, 
conditions, a number of delay stages is reduced for a selected 

characteristics define a period of CIN as t clc and also define a 
jo a rising edge in CDLY as tmdi, and wherein the plurality of 



mdl > tcfc/2; 

tmdi = tck; and 
tmdi f 2 W2; 

of delay stages in the second phase is reduced; and 
and fourth phases, CIN bypasses the SMD. 
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80. (new) A synchronous mirror delay; system comprising: 
a synchronous mir *or de^ay (SMD); and 

a phase detector in operational association with the SMD through at least one of a 

i ; 

decoder and one or more multiplexors, ihej phase detector receiving a clock input signal (CIN) 



and a clock delay signal (CDLY).; 
phase detector outputting a pair o! 



levels of the branches define a pli rality [of conditions based on the timing characteristics, and 



wherein a number of delay stages 
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the CIN ! and the CDLY each having timing characteristics, the 

i ' ! 

"branches each having a logical level, wherein the logical 



! ■ I 

i$ reduced for a selected signal to pass through the SMD. 



81. (new) Asynchronous mirroj delay system comprising: 

i 

i , 

a synchronous mirfor dellayj (SMD); and 

' i 

a phase detector ill operational association with the SMD through a decoder and 

j ! , i 

I ! 1 

one or more multiplexors, the pha se detector rcbeiving a clock input signal (CIN) and a clock 

j i j 1 

delay signal (CDLY), the CIN and the CDLY each having timing characteristics, the phase 

detector outputting a pair of branc hes each! haviig a logical level, wherein the logical levels of 

j 

the branches define a plurality of conditions based on the timing characteristics, and wherein a 
number of delay stages is reducec for a selectee I signal to pass through the SMD. 
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